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Description
BACKGROUND

[0001] Medical instruments for minimally invasive pro-
cedures often employ mechanical wrists or joints that are
remotely activated. In some configurations, a wrist mech-
anism may be part of or may manipulate a tool such as
forceps, a scalpel, scissors, or a cauterizing tool that is
atthe distal end of a main tube of the instrument. Tendons
generally attach to the mechanical members or disks in
the wrist mechanism and extend through the main tube
to a drive system at the proximal end of the main tube.
U.S. Pat. No. 6,817,974, entitled "Surgical tool having
Positively Positionable Tendon-Actuated Multi-Disk
Wrist Joint," to Cooper et al. describes some known wrist
mechanisms containing multiple disks and tendon con-
trolled wrist joints.

[0002] Geared movementinawristmechanismresults
at a joint when two members in the mechanism have
relative angular orientations that change according to a
fixed relationship or gear ratio. Fig. 1A, for example,
shows a side view of a wrist joint 100 having members
110 and 120 with load-bearing surfaces 112 and 122 that
are circular and have the same radius of curvature.
Geared motion with a 1:1 gear ratio results when circular
surfaces 112 and 122 roll on each other without slipping.
To prevent slipping, a pin or tooth 114 on member 110
can engage the walls of an aperture 124 in member 120,
and prevent members 110 and 120 from slipping relative
to each other when a drive system (not shown) pulls on
a tendon 130 and pays out an opposing tendon 132 as
shown in Fig. 1B. Tooth 114 is preferably shaped, posi-
tioned, and sized so that tooth 114 stays coupled to ap-
erture 124 over the full range of rotation of members 110
and 120. Geared motion is desirable because the move-
ment of members 110 and 120 can be modeled and pre-
dicted in a computer or other processing system that de-
termines how to manipulate tendons 130 and 132 to
achieve a desired movement of joint 100. Circular load
bearing surfaces 112 and 122 preserve the separation
between the centers of circles defining surfaces 112 and
122, which is desirable because the resulting movement
is easily modeled and because symmetric attachments
of tendons 130 and 132 resultin the length of tendon 130
or 132 pulled in being equal to the length of the other
tendon 132 or 130 paid out. The mechanics of the drive
system that manipulates tendons 130 and 132 can there-
fore be simplified.

[0003] Gears in general are known to use a variety of
surface shapes that allow teeth of the gears to mesh with-
out binding. For example, cycloid gears are gears having
teeth with contacting surfaces following cycloidal curves.
Fig. 2 shows a pair of cycloid gears 210 and 220 that are
positioned on respective axles 212 and 222 that have
the separation required for the teeth of gears 210 and
220 to correctly mesh. In particular, when gear 210 is
driven to rotate clockwise, a surface 214 of gear 210 con-
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tacts a surface 224 of gear 220. Surfaces 214 and 224
are shaped to roll against each other as gears 221 and
220 rotate, e.g., surface 214 can be flat while surface
224 follows a cycloidal curve. Surfaces 216 and 226 then
come into contact, and gears 210 and 220 rotate until
the next tooth 218 of gear 210 comes into contact with
the next tooth 228 of gear 220. Proper meshing of cycloid
gears such as gears 210 and 220 is sensitive to the spac-
ing of axles 212 and 222, which may be a leading reason
why involute surfaces are much more commonly used in
gears today.

[0004] Gears such as illustrated in Fig. 2 differ from a
geared wrist joint such as illustrated in Figs. 1A and 1B
in that axles 212 and 222 fix the spacing of gears 210
and 220, so that contacting surfaces of the gears do not
bear significant compression forces. In contrast, wrist
joint 100 of Figs. 1A and 1B when in a medical instrument
would often need to bear compression forces (e.g., due
to tensioning of both tendons 130 and 132) that tend to
flatten the convex load bearing surfaces 112 and 122 of
members 110 and 120. Since medical instruments con-
taining wrist joints such as wrist joint 100 often have rel-
atively small diameters, e.g., typically on the order of 3
to 10 mm for the entire diameter of member 110 or 120,
and may encounter compression forces on the order of
one hundred pounds, deformations of load bearing sur-
faces 112and 122 are important concerns. Further, much
of the cross-sectional area of a wrist joint may be needed
for tendon guides or for one or more central lumens for
devices such as camera cables or other systems that
may extend through the instrument. The small available
space for mechanical structures can make it challenging
to manufacture wrist joint 100 with suitable strength and
precision. In particular, the relatively small size of tooth
114 can result in tooth 114 disengaging from aperture
124 at the extremes of wrist motion, particularly when
wrist 100 supports a load that deforms contacting sur-
faces 112 and 122.

[0005] WO 03/001986 discloses an instrument wrist
comprising a first member having afirst surface, a second
member having a second surface in contact with the first
surface, wherein compressing forces on the first and sec-
ond members are born by contact of the first and second
surfaces; and a tendon connected to apply force to one
of the first and second members, wherein the first and
second members are arranged for geared motion in re-
sponse to the force applied through the tendon.

SUMMARY

[0006] In accordance with an aspect of the invention,
a wrist mechanism includes members with cycloidal sur-
faces that bear loads applied to the wrist mechanism. A
pair of contacting cycloidal surfaces on respective mem-
bers can be arranged to maintain a constant separation
between reference points of members, and multiple pairs
of contacting cycloidal surfaces can be arranged to en-
sure geared motion of the members. Alternatively, gear
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teeth can be included on the members to ensure geared
motion and to improve a wrist’s resistance to externally
applied roll torques. Further, each load bearing contact
area can include a hypocycloidal surface, which is con-
cave, and the concave load-bearing surfaces can in-
crease the capacity of the wrist joint to bear compression
forces without unacceptable deformation or alternatively
permit use of materials that otherwise would not be suit-
able for a wrist of a given size and load-bearing capacity.
[0007] In accordance with a specific embodiment of
the invention, an instrument wrist includes a first member
having a first cycloidal surface and a second member
having a second cycloidal surface that contacts the first
cycloidal surface. Compressing forces on the members
are born by contact of the cycloidal surfaces on the first
and second members. The members can be arranged
for geared motion in response to the force applied by a
tendon to one of the members.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Figs. 1A and 1B show side views of a known wrist
joint that uses a pin and aperture to constrain con-
tacting members to geared motion.

Fig. 2 shows a pair of cycloid gears.

Fig. 3illustrates an epicycloid and a hypocycloid that
maintain a fixed separation between their respective
centers during geared motion.

Fig. 4 shows a wrist joint in accordance with an em-
bodiment of the invention using stepped cycloidal
surfaces for bearing loads and constraining motion
of the wrist joint.

Figs. 5A and 5B show respective mechanical mem-
bers used in a wrist joint in accordance with an em-
bodiment of the invention using blended cycloidal
surfaces for bearing loads and constraining move-
ment.

Fig. 6A shows a wristmember having a saddle shape
that allows positioning of cycloidal surfaces to pro-
vide crossing tilt axes and a compact wrist structure.

Fig. 6B shows a multi-jointed wrist mechanism using
the saddle-shaped wristmembers such asillustrated
in Fig. 6A.

Fig. 7 shows a two-piece wrist joint using cycloidal
surfaces to provide both pitch and yaw motion in a
compact structure.

Fig. 8 is an expanded view of a wrist mechanism in
accordance with an embodiment of the invention
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containing multiple joints and members with cycloid
load-bearing surfaces and gear structures to ensure
geared motion.

Figs. 9A, 9B, 9C, and 9D show side, top, and two
cross-sectional views of toothed end members used
in the wrist mechanism of Fig. 8.

Figs. 10A, 10B, 10C, and 10D show side, top, and
two cross-sectional views of a slotted members in
the wrist mechanism of Fig. 8.

Figs. 11A, 11B, 11C, and 11D show side, top, and
two cross-sectional views of a toothed intervening
member in the wrist mechanism of Fig. 8.

Fig. 12 shows a robotically controlled system includ-
ing wrist mechanisms in minimally invasive medical
instruments.

Use of the same reference symbols in different fig-
ures indicates similar or identical items.

DETAILED DESCRIPTION

[0009] In accordance with an aspect of the current in-
vention, mechanical members in a wrist mechanism use
cycloidal surfaces to bear compression during geared
motion of the mechanical members. In particular, a wrist
joint can use an epicycloidal surface on a first member
contacting a hypocycloidal surface on a second member.
With proper selection of the parameters of the defining
cycloids and gearing of the members, the cycloidal sur-
faces constrain motion of the members to preserve a
separation between reference points corresponding to
centers of the cycloidal curves followed by the cycloidal
surfaces. The cycloidal surfaces also provide a concave
contact area, which leads to less deformation when drive
systems or external loads push the members together.
Geared motion of the first and second members can be
achieved using additional load-bearing cycloidal surfac-
es. Inparticular, a hypocycloidal surface on the first mem-
ber and an epicycloidal surface on the second member
can create a contact area that operates to balance the
forces at the other contact area, so that the net forces at
the contact areas cause geared motion. Alternatively,
gear structures such as teeth can be used on the mem-
bers to ensure geared motion and improve resistance to
roll torques.

[0010] A "cycloidal surface" as used herein refers to a
surface having a portion of a cycloid as an intersection
of the surface with a plane. Cycloids are well known and
in general can be defined using parametric equations.
More visually, a cycloid corresponds to the path of a point
on a circle rolling on a line or another circle. Fig. 3, for
example, illustrates an epicycloid 310 that corresponds
to the path of a point on a circle 312 of radius r rolling
around the outside of a circle 314 of radius R, where R>r.
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A hypocycloid 320 corresponds to the path of a point on
acircle 322 ofradius r’rolling around the inside of a larger
circle 324 of radius R’, R’>r. Under the conditions that
the radii of the describing circles are the same, i.e., R’=R
and r’=r, the distance between centers 315 and 325 of
epicycloid 310 and hypocycloid 320 remains constant
when cycloids 310 and 320 rotate with the same angular
velocity, i.e., are in geared motion with 1:1 gear ratio.
(Epicycloids and hypocycloids can also be matched to
provide a constant center-to-center separation for other
gear ratios.) During geared motion, if the contact points
on cycloids 310 and 320 are on the describing circles
314 and 324, then there is no relative velocity between
the contact points. In general, however, the contacting
surfaces are moving at different speeds, and the surfaces
rub (slide) againstone another. Even though the surfaces
rub, 1:1 gear motion (for R=R’) ensures that the two de-
scribing circles 314 and 324 do not slip relative to each
other.

[0011] Cycloidal surfaces and curves have an advan-
tage in wrist joints over common toothed gears in that
contacting surfaces of members in wrist joints automat-
ically maintain the proper positioning for operation when
applied forces keep the members in contact, as is the
case in tendon-stayed robotic wrists. Fig. 4 shows awrist
joint 400 including rolling members 410 and 420 that em-
ploy load-bearing cycloidal surfaces. Wrist joint 400 may
be used inamechanical wrist thatincludes several similar
joints and in an exemplary embodiment is incorporated
in a medical instrument that can be used for minimally
invasive medical procedures. In wrist joint 400, each
member 410 or 420 has a substantially disk-shaped body
with a center hole 415 or 425 that defines a portion of a
central lumen that may extend along the length of an
instrument. Each disk 410 and 420 can be made of any
material that provides sufficient strength and durability
for the particular use of wrist joint 400 and particularly for
the size of the wrist mechanism and the expected loads.
Wrist members 410 and 420 may need to be a metal
such as stainless steel for higher load applications, par-
ticularly when wrist diameter is smaller than about 5 mm.
Materials such as plastic or ceramics may be employed
in larger diameter wrist mechanism or lower load condi-
tions. As described further below, an advantage of wrist
joint 400 is resistance to compressional strain, and this
resistance may permit use of materials such as plastic
or ceramic in an electrically insulating wrist having a
smaller diameter and/or a central lumen than could be
achieved using circular load bearing surfaces. Insulating
wrist mechanisms are particularly desirable in medical
instruments that include electrically charged or activated
tools or end effectors. In general, the wrist can be scaled
to the forces, or the task.

[0012] Disk 410 has projection 412, 414, 416, and 418
with cycloidal surfaces that are in contact with the re-
spective cycloidal surfaces of projections 422, 424, 426,
and 428 on disk 420. Projections 412, 414, 416, and 418
are positioned along a diameter of disk 410 with projec-
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tions 412 and 418 being near or extending to opposite
edges of the circumference of disk 410 and projections
414 and 426 being near or extending to opposite edges
of center hole 415. Similarly, projections 422, 424, 426,
and 428 are positioned along a diameter of member 420
with projections 422 and 428 being near or extending to
opposite edges of the circumference of disk 420 and pro-
jections 424 and 426 being near or extending to opposite
edges of the center hole 425 through disk 420. In the
illustrated embodiment, projections 412, 414, 416, and
418 include central portions that are epicycloid or hy-
pocycloidal surfaces that are complementary to respec-
tive hypocycloidal or epicycloidal surfaces on contacting
projections 422,424, 426, and 428. The central cycloidal
portions on projections 412, 414, 416, and 418 follow
portions of respective cycloids, and the centers of these
cycloids all lie along a line defining a direction of a tilt
axis. Similarly, the central cycloid portions on projections
422, 424, 426, and 428 follow portions of respective cy-
cloids, and the centers of these cycloids lie along a line
that is parallel to the tilt axis. When disk 410 tilts relative
to disk 420 under geared motion with the proper gearing
ratio, the cycloidal surfaces of projections 412, 414, 416,
and 418 remain in contact with the cycloidal surfaces of
projections 422, 424, 426, and 428 and maintain a fixed
separation between reference points or lines corre-
sponding to the centers of the surface-defining cycloids.
The heights of the projections provide clearance for tilting
before body portions of members 410 and 420 contact
each other and prevent further motion.

[0013] Disks 410 and 420 in addition to having center
holes 415 and 425 for a central lumen of a medical in-
strument include guide holes 413 and 423 for tendons
451 and 452 that articulate joint 400 and tendons (not
shown) that may extend through joint 400 to other por-
tions of the medical instrument. Tendons 451 and 452
can be cables, filaments, tubes, or similar structures that
are sufficiently flexible to bend as needed within the in-
strument and are strong enough to apply forces that ar-
ticulate joint 400 to tilt member 410 relative to member
420. Tendons 451 and 452 as shown attach to member
410 at opposite moment arms relative to the diameter
along which projections 412, 414, 416, and 418 are po-
sitioned. A drive system (not shown) can then pull on (or
increase the tension in) one tendon 451 or 452 to tilt
member 410 in one direction relative to member 420, or
pull on (or increase tension in) the other tendon 452 or
451 to tilt member 410 in the opposite direction. In gen-
eral, the tendons 451 and 452 have preload tensions that
force members 410 and 420 together so that projections
412,414,416, and 418 remain in contact with respective
projections 422, 424, 426, and 428.

[0014] Geared motion is maintained in wrist mecha-
nism 400 by the arrangement of epicycloid and hypocy-
cloidal surfaces in multiple contacting areas. In particular,
projection 412 has a central epicycloid portion that con-
tacts a matching hypocycloid portion of projection 422.
When tendon 451 or 452 is pulled to tilt member 410, the
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epicycloidal surface of projection 412 rolls on the hypocy-
cloidal surface of projection 422. If projections 412 and
422 were an isolated system, i.e., if projections 414, 416,
418,424,426, and 428 were not present, the projections
412 and 422 would slip relative to geared motion. How-
ever, at the contact of projections 414 and 424, the epi-
cycloidal surface is on member 420 and contacts a hy-
pocycloidal surface on member 410. As a result, the ten-
dency of the contact of projections 412 and 422 to slip
relative to geared motion is countered by the opposing
tendency of the contact of projections 414 and 424 to slip
in the opposite sense. In wrist joint 400, the contacting
cycloidal surfaces of the projections have balancing ten-
dencies to slip that collectively keep members 410 and
420 in geared motion when tendons 451 and 452 artic-
ulate wrist joint 400.

[0015] The range of angular movement of disk 410 rel-
ative to disk 420 while the central cycloidal surfaces con-
tact each other depends on the parameters defining the
cycloidal surfaces, In particular, in Fig. 3, epicycloid 310
has parameters R and r such that R=4r, which creates
four epicycloid lobes joined to four hypocycloid lobes,
and geared rotation of epicycloid 310 that maintains con-
tact of hypocycloid 320 to one lobe of epicycloid 310 can
provide an angular range of at most 90°, i.e., up to +/-
45°. In wrist joint 400, cycloidal surfaces based on cy-
cloids having more lobes are desired because of size
goals or limitations on projections 412, 414,416,and 418
and the reduction in rubbing at the contacting surfaces
during geared motion when each lobe has a smaller an-
gular range. The range of motion is typically a design
input for a wrist mechanism, and picking the number of
lobes in the defining cycloids and the angular range of
each lobe may be a question of optimizing a wrist for a
particular use. In one embodiment, the size of each lobe,
e.g., the central cycloidal surface, is about one half of the
required range of motion, which provides a practical and
producible structure, and a 22.5 degree cycloid (i.e., 16
lobes in a full epicycloid or hypocycloid) is well suited for
a =45° ROM when each projection smoothly transitions
from an epicycloidal or hypocycloid central surface to two
hypocycloidal or epicycloidal surfaces on either side of
the central surface. The epicycloidal and hypocycloidal
surfaces on a projection follow portions of cycloidals hav-
ing the same center point and radii parameters R and r.
To provide complementary surfaces, projection 422 in-
cludes a centralhypocycloidal surface that smoothly tran-
sitions to two outer epicycloidal surfaces where all of the
cycloids defining these surfaces have the same center
point and radii parameters R and r.

[0016] Each of the cycloidal surfaces on projections
412,414, 416, 418, 422, 424, 426, and 428 is such that
a plane parallel to a tilt axis of wrist joint 400 intersects
the cycloidal surface along a straight line, and a plane
perpendicular to the tilt axis intersects the cycloidal sur-
face along a cycloidal curve or a concatenation of cycloi-
dal curves as described above. With this configuration,
wrist joint 400 provides a single degree of freedom of
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motion, e.g., a tilt angle of disk 410 relative to disk 420.
For a multi-jointed wrist mechanism, additional projec-
tions (not shown) that are similar to projections 412, 414,
416, and 418 can be added to the back side of disk 410
and engaged with projections on a disk that is similar or
identical to disk 420. If the projections added to the back
of disk 410 are along the same diameter of disk 410 as
projections 412, 414, 416, and 418, the additional wrist
joint can provide a greater range of tilt than can the single
wrist joint 400. Alternatively, if added projections on the
back of disk 410 are along a diameter that is perpendic-
ular to the diameter on which projections 412, 414, 416,
and 418 are arranged, the pair of joints can provide two
degrees of freedom of motion, e.g., pitch and yaw.
[0017] Wrist joint 400 operates with epicycloidal sur-
faces contacting hypocycloidal surfaces, so that at least
one of the load-bearing surfaces (i.e., the hypocycloidal
surface) is a concave. This is desirable because the sur-
faces also support compression forces, e.g., react to the
tension in articulating tendons 451 and 452 and external
forces applied to an instrument containing wrist joint 400.
The concave surfaces can generally withstand greater
force than can convex surfaces before being unaccept-
ably deformed. For example, if circular surfaces were
used to roll against each other and maintain a separation
between center points, both contacting surfaces would
be convex and could more easily be flattened when a
load is applied. The deformation can damage or crush
the load bearing structures particularly if a less resilient
material such as a ceramic is used in the wrist joint.
[0018] Another desirable feature of wrist joint 400 is
that projections 412, 414, 416, and 418 and 422, 424,
426, and 428 alternate between having central epicycloi-
dal surfaces and central hypocycloidal surfaces. The tall-
er portions of projection 412 and 424 and 426 and 428
caninterlock and preventdisk 410 from slipping sideways
relative to disk 420 along the direction of the tilt axis.
[0019] Fig. 5A illustrates a member or disk 510 em-
ploying projections 513 and 517 having blended cycloidal
surfaces. In particular, projection 513 has an outer edge
512 (near the circumference of disk 510) that is an epi-
cycloidal curve and aninner edge 514 (near a center hole
515) that is a hypocycloid. A blended surface between
edges 512 and 514 contain lines that connect points on
epicycloid edge 512 to points on hypocycloid edge 514
that have the matching values of an angle parameter 0,
where angle parameter 6 indicates the relative of rotation
of the smaller circle used to define the cycloidal curve
512 or 514. Projection 517 similarly has a blended sur-
face that transitions from an epicycloidal curve 518 at the
circumference of disk 510 to a hypocycloidal curve 516
at the edge of center hole 515.

[0020] Fig. 5B shows adisk 520 having projections 523
and 527 with blended surfaces aligned along a diameter
of disk 520 and designed for geared motion on the blend-
ed surfaces of disk 510 of Fig. 5A. The blended surface
on projection 523 smoothly transitions from a hypocycloi-
dal curve 522 at the circumference of disk 522 to an ep-
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icycloidal curve 524 at a circumference of a center hole
525 through disk 520. Similarly, the blended surface on
projection 527 smoothly transitions from a hypocycloidal
curve 522 at the circumference of disk 522 to an epicy-
cloidal curve 524 at a circumference of a center hole 525
through disk 520. Outer hypocycloidal curves 522 and
528 on disk 520 are complementary to outer epicycloidal
curves 512 and 518 on disk 510, and inner epicycloidal
curves 524 and 526 on disk 520 are complementary to
inner hypocycloidal curves 514 and 516 on disk 510.
[0021] Disk 510 when held with the blended surfaces
of projections 513 and 517 in contact with projections
523 and 527 on disk 520 can roll on disk 520, and the
complementary cycloidal curves constrain the movement
of disks 510 and 520 in the same manner as circular
objects rolling on each other to tilt disk 510 relative to
disk 520. Further, the tendencies of the contact points at
opposite edges of the blended surfaces to slip relative to
geared motion cancel each other and together maintain
geared motion. At the same time, the alternating high
portions of projections 513 and 517 and 523 and 527
resist slipping disks 510 and 520 along the direction of
the tilt axis. The blended surfaces can also provide better
ability to support compression than would the conven-
tional contact of circular surfaces. In particular, the blend-
ed surfaces have concave and convex portions separat-
ed by inflections, and the contact of two complementary
blended surfaces includes a first area where a convex
surface of a first blended surface contacts a concave or
flat portion of the second blended surface, a second area
where convex portions of the first and second surfaces
contact each other, and a third area where a concave or
flat surface of a first blended surface contacts a convex
portion of the second blended surface. The contacts with
concave surfaces can improve the ability of a wrist joint
to support compression forces.

[0022] Disk 520 has two projections 521 (one of which
is visible in Fig. 5B) on a back side and positioned along
the same diameter as projections 523 and 527. In the
illustrated embodiment, projections 521 have blended
surfaces identical to the blended surfaces of projections
523 and 527 and thus are complementary to the blended
surfaces of projections 513 and 517 on disk 510 in Fig.
5A. A three-member wrist joint can be formed using disk
510 with projections 513 and 517 in contact with respec-
tive projections 523 and 527 on disk 520 and an identical
copy of disk 510 with projections 513 and 517 in contact
with projections 521 of disk 520. This three-member
structure would provide two joints both of which tilt about
the same direction axis, and the three-member wrist
mechanism can provide a greater range of tilt than would
a single wrist joint.

[0023] Disk 510 also has two projections 511 (one of
which is visible in Fig. 5A) on a back side, but projections
511 are positioned along a diameter that is perpendicular
to the diameter along which projections 513 and 517 are
positioned. In the illustrated embodiment, projections
511 have blended surfaces identical to the blended sur-
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faces of projections 513 and 517 and complementary to
the blended surfaces of projections 523 and 527 on disk
520. Athree-member wrist joint can thus be formed using
member 520 with projections 523 and 527 in contact with
respective projections 513 and 517 on disk 510 and an
identical copy of member 520 with projections 523 and
527 in contact with projections 511 of disk 510. This three-
member wrist mechanism acts as a U-joint and provides
two degrees of freedom of motion, one corresponding to
tilt about an axis defined by the arrangement of projec-
tions 513 and 517 and another corresponding to tilt about
an axis defined by the arrangement of projections 511.
[0024] Fig. 6A shows a member 610 that like disk 510
has afirst pair of cycloidal surfaces 612 and 614 arranged
for a first tilt axis and a second pair of cycloidal surfaces
616 and 618 arranged for a second tilt axis that is per-
pendicular to the first tilt axis. In the illustrated embodi-
ment, each of the surfaces 612, 614, 616, and 618 is a
blended surface that smoothly transitions from an outer
epicycloidal curve to an inner hypocycloidal curve. In al-
ternative embodiments, any of surfaces 612, 614, 616,
and 618 could be a blended surface that transitions from
an outer hypocycloidal curve to an inner epicycloidal
curve, a stepped surface having an epicycloid portion
and a hypocycloid portion, an epicycloidal surface, or a
hypocycloidal surface. Member 610 differs from disk 510
in that the cycloidal surfaces are not on projections but
are integrated into a general saddle shape so that the
two perpendicular tilt axes defined by cycloidal surfaces
612, 614, 616, and 618 can be provided in a more com-
pact structure or compact universal joint (U-joint). Ideally,
the perpendicular tilt axes cross in the same plane.
Crossing tilt axes can be advantageous for computer
control systems because a computer model can provide
an exact solution for describing the control and move-
ment of a compound joint having crossed axes.

[0025] Fig. 6B shows a wrist mechanism 600 that in-
cludes three members 610 of the type illustrated in Fig.
6A. Members 610 have their cycloidal surfaces engaged
with complementary cycloidal surfaces of intervening
members 621 and 622 or end members 630 and 633.
Members 621 and 622 are generally similar to members
520 of Fig. 5B, but projections having cycloidal surfaces
on each member 621 or 622 are offset inwardly from the
circumference of the member, allowing members 621
and 622 have guide holes for tendons in a ring area out-
side of the projections. Each end members 630 or 633
has one side with projections that are the same as the
projections of members 621 and 622 and an opposite
side adapted to connect to a main tube or an extended
member 640 of an instrument (not shown.) Members 610
are sized to fit with in the ring of tendons and engage the
projections on members 621, 622, 630, or 633 without
obstructing the tendons. Main tube or extended member
640 may attach directly or indirectly to a drive mechanism
(not shown) that controls tendons 651, 652, and 653.
[0026] Tendons 651, which extend through main tube
640 and end member 640 to attach to member 621, con-



11 EP 2 467 083 B1 12

trol a three-member wrist joint including end member
640, a saddle shaped member 610, and intervening
member 621. This three-member wrist joint provides two
degrees of freedom for tilting member 621, which can be
actuated using at least three tendons 651. Three tendons
652, which extend through main tube 640, end member
630, and member 621 to attach to member 622, can be
used control a three-member U-joint including members
621, 610, and 622. Three tendons 653, which extend
through main tube 640, end member 630, member 621,
and member 622 to attach to end member 633, can sim-
ilarly control a three-member U-joint including members
622, 610, and 633. Wrist mechanism 600 thus employs
nine tendons to control three U-joints that allow complex
manipulation of the shape of wrist mechanism 600 and
the orientation of end member 633. Fig. 6B shows a con-
figuration in which wrist mechanism 600 provides a sim-
ple 90° bend. Inone embodiment, a portion of mechanism
600 including the top two saddles 610 forms a 2 degree
of freedom, +/- 90 degree wrist. The remaining saddle
610 is part of the top elbow joint in a pair of elbow joints
that are on either side of extended member 640. Each
elbow has a +/- 45 degrees range of motion, and the two
elbows are built to remain parallel to a main tube of when
extended member 640 is part of a "joggle joint" such as
described in U.S. Pat. App. Pub. No. US 2008/0065102
A1, entitled "Surgical Instrument with Parallel Motion
Mechanism," filed Jun. 13, 2007. The members with cy-
cloids are used in mechanism 600 to create a full six
degrees of freedom to position a tool attached to end 633
in x, y, z, and roll, pitch, yaw.

[0027] Two degrees of freedom for tilting a member in
a wrist joint can be achieved using a two-member struc-
ture having load-bearing cycloidal surfaces. Fig. 7, for
example, shows a wrist joint 700 including two members
or disks 710 and 720. Disk 710 has a projection 712 with
a cycloidal surface 714. Cycloidal surface 714 has a cen-
tral portion that corresponds to the surface swept out by
rotation of an epicycloidal curve about a center line. Disk
720 has a projection 722 with a cycloidal surface 724 that
is complementary to cycloidal surface 714. In particular,
at least a central portion of cycloidal surface 724 corre-
sponds to the surface that a hypocycloidal curve sweeps
out when rotated about a center line, and the hypocycloi-
dal curve used to define at least the central portion of
surface 724 is complementary to the epicycloidal curve
used to define the central portion of surface 714. More
generally, to accommodate a greater range of motion,
the curves used to define surfaces of revolution 714 and
724 can include a portion of epicycloid or hypocycloid
between two portions of hypocycloids or epicycloids,
where all the cycloids have the same center and the radii
parameters R and r. Complementary cycloidal surfaces
714 and 724 are not confined to roll along in one dimen-
sion butinstead provide two degrees of freedom for tilting
of member 710 relative to member 720. Three tendons
730 can thus be used to control the pitch and yaw of
member 710 relative to member 720.
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[0028] Wrist joints described above can use cycloidal
surfaces to bear loads, preserve the distance between
reference points, and ensure geared motion. However,
in accordance with a further aspect of the invention, wrist
joints having load-bearing cycloidal surfaces can also
employ gearing to ensure geared motion and improve
resistance of a wrist joint to torques around the wrist’s
roll axis (roll torques). Fig. 8 shows a multi-joint wrist
mechanism 800 employing gearing to ensure 1:1 geared
motion in each joint using load-bearing cycloidal surfac-
es. Wristmechanism 800 includes toothed end members
820, slotted members 830, toothed intermediate mem-
bers 840, and an extension 850.

[0029] End members 820 have one side thatis shaped
for a fixed connection to another structure such as ex-
tension 850, a main tube (not shown), or a tool (not
shown; e.g., a surgical end effector). Figs. 9A, 9B, 9C,
and 9D illustrate an embodiment of toothed end member
820 in more detail. In particular, Fig. 9A is a side view of
toothed end member 820 showing the profile of a gear
tooth 822. As shown in the top view of Fig. 9B, end mem-
ber 820 has two teeth 822 located at opposite points on
the circumference of member 820. Fig. 9B also shows
projections 824 that have load-bearing cycloidal surfaces
positioned inward from teeth 822 and adjacentto a center
hole 825 through member 820. Holes 823 through mem-
ber 820 provide guides for tendons. Section lines C-C
and D-D show the relative orientation of cross-sectional
views of member 820 illustrated in Figs. 9C and 9D. Fig.
9C shows a cross-section of member 820 illustrating how
teeth 822 and projections 824 are aligned along a diam-
eter or member 820. The cycloidal surfaces follow por-
tions of cycloids having center points that are aligned and
define a direction of a tilt axis for a wrist joint including
member 820. Fig. 9D shows a cross-section providing a
view of the cycloidal surface of a projection 824. In the
illustrated embodiment, the cycloidal surfaces on projec-
tions 824 include a central hypocycloidal surface, but oth-
er types of cycloid, stepped, or blended surfaces could
alternatively be used. Tooth 822 does not bear a signif-
icant portion of the compression load on a joint and is
used to ensure geared motion of adjacent disk and resist
roll torques. Tooth 822 can be part of a cyloid pin gear
and have the shape of a cycloidal gear tooth similar to
those depicted in Fig. 2. Alternatively, tooth 822 can be
shaped the same as a tooth of an involute gear provided
that the notches engaging tooth 822 are correspondingly
shaped. Only one tooth is necessary in the illustrated
embodiment since the joint range of motion is a +/- 45
degrees, but a larger portion of a gear could alternatively
be used ensure geared motion of the members.

[0030] Figs. 10A, 10B, 10C, and 10D show details of
an embodiment of slotted member 830, which is de-
signed to engage an end member 820 to form a wrist
joint. Fig. 10A is a side view of slotted member 830. A
bottom surface of member 830 has projections 832 hav-
ing cycloidal surfaces that are complementary to the cy-
cloidal surfaces of projections 824 on end member 820.
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Fig. 10D shows that bottom projections 835 have a cen-
tral epicycloid portion in the illustrated embodiment. The
cycloidal surfaces of projections 834 follow portions of
cycloids having centers that are aligned and define a first
tilt axis for a wrist joint created with a member contacting
bottom projections 834. Member 830 also has notches
or slots 842 that are open toward the bottom of member
830 and positioned and shaped to engage teeth 822 on
member 820. (Alternatively, member 830 could include
teeth that engage notches in member 820.) The top side
of each member 830 as shown in Fig. 10B also includes
slots 836 and projections 838. Projections 838 as shown
in Figs. 10A and 10C has a cycloidal surface with a central
hypocycloid portion, the same as projections 824 of
member 820 in the illustrated embodiment. However, the
cycloidal surfaces of projections 838 are portions of cy-
cloids having centers that are aligned to define a second
tilt axis that is perpendicular to the first tilt axis defined
by bottom projections 834. Accordingly, member 830 can
be used as the center member in a U-joint. Fig. 10B also
shows that member 830 includes a center hole 835 for
a central lumen in an instrument and guide holes 833 for
tendons.

[0031] Figs. 11A, 11B, 11C, and 11D show details of
an embodiment of toothed intermediate member 840.
Each toothed intermediate member 840 has a top side
and a bottom side, both of which are substantially iden-
tical to the top side of end member 820. Fig. 11A shows
a side view of member and illustrates the profile of a top
tooth 842 and a bottom tooth 846, which like tooth 822
are shaped and positioned to engage slots 832 or 834 in
slotted member 830. (Alternatively, member 830 could
include teeth that engage notches in member 840.) Fig.
11B is a top view of member 840 showing the relative
positions of teeth 842, guide holes 843, projections 844,
and a center hole 845. The bottom side of member 840
has a similar arrangement of teeth 846 and projections
848 relative to guide holes 843 and center hole 845. As
shown in Fig. 11C, projections 844 and teeth 842 are
aligned on the same diameter of member 840 as are
projections teeth 846 and projections 848. Projections
844 and 848 have cycloidal surfaces that are aligned to
define the same direction for a tilt axis. However, as can
be seen in Fig. 11D, the cycloidal surfaces of projections
844 have a hypocycloid center portion, while projections
848 have a complementary epicycloid center portion in
the illustrated embodiment.

[0032] Multi-joint wrist mechanism 800 of Fig.8 illus-
trates one configuration for use of members 820, 830,
and 840 in a tendon stayed wrist mechanism. Beginning
at the left in wrist mechanism 800, end member 820 can
be used as a base for attachment of a tool in a medical
instrument. End member 820 has teeth 822 and projec-
tions 824 that engage bottom slots 832 and bottom pro-
jections 834 of a slotted member 830. That slotted mem-
ber 830 has top slots 836 and projections 838 thatengage
bottom teeth 846 and bottom projections of intermediate
toothed member 840. Because of the 90° rotation in
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member 830 of top slots 836 and projections 838 relative
to bottom slots 832 and projections 834, the first three
members 820, 830, and 840 form a U-joint. Teeth 822
and 846 engaged in slots 832 and 836 resist torques
tending to twist the U-joint. Three tendons (not shown)
that pass through members 820 and 830 can attach to
member 840 and control both degrees of freedom in the
tilt of member 840 relative to member 820. In particular,
when the tendons pull member 840 with a net torque
about the tilt axis defined by the top projections 838 of
slotted member 830, bottom teeth 846 of member 840
engage top slots 836 of member 838 causing geared
motion of members 840 and 830 with a 1:1 gear ratio for
rotation about that tilt axis. When the tendons pull mem-
ber 840 with a net torque about the tilt axis defined by
the bottom projections 834 of slotted member 830, the
interlocking of teeth 846 and projections 848 with slots
836 and projections 838 prevent relative movement in
response to the net torque, so that members 840 and
830 move as a unit in response to the applied torque.
Slots 832 of member 830 engage teeth 822 of member
820 causing geared motion of members 840 and 830
relative to member 820 with a 1:1 gear ratio for rotation
about the tilt axis defined by projections 834.

[0033] Three U-joints are similarly provided in wrist
mechanism 800 to the left of extension 850. Each of these
U-joints corresponds to a member 830 sandwiched be-
tween members 820 or 840. Extension 850 couples to
an end member 820 to provide a relatively large spatial
range of motion in response to the range of angular move-
ment of end member 820. A final U-joint made of a slotted
member 830 between two end members 820 can provide
additional angle and position control at the end of the
large range of motion achieved using extension 850. Fig.
8 also shows guides 855, which guides tendons through
extension 850 for control of the final U-joint or a tool at-
tached to the final end member 820.

[0034] Anadvantage of structures such as mechanism
800, whichincludesrelatively large teeth 822, is the ability
to support a relatively large roll torque. Blended cycloidal
surfaces such as used in mechanism 600 in Fig. 6 may
withstand the torques encountered during light surgical
tasks (such as laser dissection or suction irrigation) using
an instrument having a diameter of about 5 mm. Howev-
er, surgical tasks with tools applying larger grip forces
tend to produce higher torques that may be better sup-
ported by teeth 822 in mechanism 800, particularly at
smallinstrumentdiameters of about5 mm orless. A com-
parative advantage of using load-bearing Cycloidal sur-
face as in Fig. 6 without gearing structures such as in
Fig. 8 is that eliminating the teeth allows a larger area for
load bearing surfaces, permitting a compact joint to sup-
port greater loads.

[0035] Embodiments of the invention as described
above provide a number of advantages over many prior
wrist mechanisms. For example, the concave surfaces
can provide low contact stress, which allows more joints
in a kinematic chain or a higher load for a stiffer joint.
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Additionally, the disclosed embodiments can achieve
geared motion with maintained separation in a structure
that may be more compact than is possible with pin type
joints, allowing for more space for a lumen in a wrist. The
compact nature of the joint allows for a cross axis (U-
joint) type design in a space practical for surgical robotics.
This can also reduce the overall length of a tool and/or
increase the range of motion of an instrument. The U-
joint arrangement also produces a symmetric work-
space, which can be an advantage in a control system
and surgeon training. Blending the curves together (from
ID to OD) creates a joint that resists slippage and trans-
lation because of angled contact. Also, the compact size
of the features allows for sets of joints to be used back
to back to resist slippage and translation. U-joints made
using blended or non-blended cycloidal surfaces can be
made with crossing tilt axes for a compact structure or
with a stacked structure providing more area for a larger
central lumen.

[0036] Fig. 12 shows an example of a robotically con-
trolled system 1200 capable of using medical instruments
containing wrist mechanisms such as described above.
System 1200, which may, for example, be a da Vinci®
Surgical System available from Intuitive Surgical, Inc. in-
cludes multiple medical instruments 1210, each of which
is mounted on a docking port 1220 on a robotic manip-
ulator arm 1230. Instruments 1210 can be made inter-
changeable, so that the instruments 1210 mounted in
docking ports 1220 can be selected for a particular med-
ical procedure or changed during a medical procedure
to provide the clinical functions needed. Each instrument
1210 generally includes an end effector 1212, a main
tube 1214, and a backend mechanism 1216 End effec-
tors 1212 of instruments 1210 include tools such as for-
ceps or graspers, needle drivers, scalpels, cauterizers,
or scissors, and the mechanical wrist mechanisms can
be incorporated into end effectors 1212 to manipulate
those tools. Alternatively, the wrist mechanisms de-
scribed above could be employed in a main tube 1214.
In use, one or more end effector 1212 and distal portions
of main tubes 1214 can be inserted through one or more
smallincisions or anatural orifice to position end effectors
1212 at a work site inside a patient. Docking ports 1220
generally include drive motors that provide mechanical
power for manipulation of tendons that extend from back-
end mechanisms 1216 through main tubes 1214 and
connect to wrist mechanisms and tools in instruments
1210. A computer system 1250 executes software that
controls the drive motors as needed to manipulate instru-
ments 1210 as directed by a surgeon or other medical
personnel using system 1200 to perform a medical pro-
cedure.

[0037] Although the invention has been described with
reference to particular embodiments, the description is
only an example of the invention’s application and should
not be taken as a limitation. Various adaptations and
combinations of features of the embodiments disclosed
are within the scope of the invention as defined by the
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following claims.

Claims

1.

An instrument wrist (400) comprising:

a first member (410) having a first cycloidal sur-
face;

a second member (420) having a second cycloi-
dal surface in contact with the first cycloidal sur-
face, wherein compressing forces on the first
and second members are born by contact of the
first and second cycloidal surfaces: and

a tendon (451, 452) connected to apply force to
one of the firstand second members (410, 420),
wherein the first and second members are ar-
ranged for geared motion in response to the
force applied through the tendon.

The wrist of claim 1, wherein one of the first and
second cycloidal surfaces is concave where the first
and second surfaces contact.

The wrist of claim 1, wherein the first cycloidal sur-
face has a portion that follows an epicycloidal curve
and contacts a portion of the second cycloidal sur-
face that follows a hypocycloidal curve.

The wrist of claim 3, wherein the first member further
comprises a third cycloidal surface having a portion
that follows a hypocycloidal curve, and the second
member comprises a fourth cycloidal surface that
contacts the third cycloidal surface and follows an
epicycloidal curve.

The wrist of claim 4, wherein the first, second, third,
and fourth cycloidal surfaces are arranged so that a
tendency of the first and second cycloidal surfaces
to slip relative to geared motion in response to the
force applied to one of the firstand second members
is balanced by an opposing tendency the third and
forth cycloidal surfaces to slip relative to geared mo-
tion in response to the force; or

wherein the first and third cycloidal surfaces are lo-
cated along a diameter of the first member and are
on the same side of a center of the diameter; or
wherein the first and third cycloidal surfaces are lo-
cated along a diameter of the first member and are
on opposite sides of a center of the diameter.

The wrist of claim 1, wherein the first cycloidal sur-
face smoothly transitions from a portion of a first ep-
icycloid to a portion of a first hypocycloid; and pref-
erably

wherein the second cycloidal surface smoothly tran-
sitions a portion of a second hypocycloid to a portion
of a second epicycloid; and preferably
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wherein:

at a location where the first epicycloid contacts
the second hypocycloid, the first and second
members have a first tendency to slip relative to
geared motion in response to the force applied
to one of the first and second members;
atalocation where the first hypocycloid contacts
the second epicycloid, the first and second
members have a second tendency to slip rela-
tive to the geared motion in response to the
force; and

the second tendency opposes thefirsttendency.

The wrist of claim 6, wherein the first member further
comprises a third cycloidal surface that smoothly
transitions from a portion of an epicycloid to a portion
of a hypocycloid, wherein the first and third surfaces
are located along a diameter of the first member and
are on opposite sides of a center of the diameter.

The wrist of claim 1, wherein:

the first member further comprises a first gear
structure;

the second further comprises a second gear
structure; and

when the first surface is in contact with the sec-
ond surface, the first gear structure meshes with
the second gear structure and provides a 1:1
ratio for rotations of the first and second mem-
bers.

The wrist of claim 8, wherein:

the first gear structure comprises a tooth; and
the second gear structure comprises a slot in
the second member

The wrist of claim 1, wherein the first cycloidal sur-
face comprises a first portion that follows an epicy-
cloidal surface and a second portion that follows a
hypocycloid; or

wherein the first cycloidal surface comprises a cen-
tral portion that follows one of an epicycloid and a
hypocycloid and two outer portions that follow the
other of a hypocycloid and an epicycloid.

The wrist of claim 1, wherein the first cycloid includes
a central portion that is shaped as an epicycloid re-
volved a center axis of the wrist.

The wrist of claim 11, where in the second cycloidal
surface has a central portion shaped as a hypocy-

cloid revolved the center axis of the wrist.

The wrist of claim 1, wherein:
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the first cycloidal surface is a surface of a pro-
jection extending from a body of the first mem-
ber; and
the second cycloidal surface is a surface of a
projection extending from a body of the second
member.

The wrist of claim 1, wherein the second member
comprises a third cycloidal surface on a side of the
second member opposite to the second cycloidal
surface, and the wrist further comprising a third
member having a fourth cycloidal surface in contact
with the third cycloidal surface.

The wrist of claim 14, wherein:

contact of the firstand second cycloidal surfaces
limits motion of the first member relative to the
second member to rotation about a first tilt axis;
and

contact of the third and fourth cycloidal surfaces
limits motion of the third member relative to the
second member to rotation about the first tilt ax-
is.; or

wherein:

contact of the firstand second cycloidal surfaces
limits motion of the first member relative to the
second member to rotation about a first tilt axis:
and

contact of the third and fourth cycloidal surfaces
limits motion of the third member relative to the
second member to rotation about a second tilt
axis that is perpendicular to the first tilt axes; or

wherein the second member is saddle shaped; and
preferably

wherein the second and third cycloidal surfaces are
positioned on the second member so as to cross the
axis of motion of the wrist in the same plane; or
wherein each of the first, second, third, and fourth
cycloidal surfaces comprises a blended cycloidal
surface; or

wherein each of the first, second, third, and fourth
cycloidal surfaces comprises a stepped cycloidal
surface; or

wherein each of the first, second, third, and fourth
cycloidal surfaces is such that a plane parallel to a
tilt axis of the wrist intersects the cycloidal surface
along a straight line.

Patentanspriiche

1.

Instrumentengelenk (400), das Folgendes umfasst:

ein erstes Element(410), das eine erste zykloide
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Oberflache aufweist;

ein zweites Element (420), das eine zweite zy-
kloide Oberflache aufweist, die mit der ersten
zykloiden Oberflache in Kontakt steht, wobei
Druckkrafte auf dem ersten und zweiten Ele-
ment durch Kontakt der ersten und zweiten zy-
kloiden Oberflache getragen werden; und

ein Spannglied (451, 452), das so verbunden
ist, dass es Kraft auf das erste oder zweite Ele-
ment (410, 420) auslibt, wobei das erste und
zweite Element fir eine Getriebebewegung als
Reaktion auf die durch das Spannglied ausge-
Uibte Kraft angeordnet sind.

Gelenk nach Anspruch 1, wobei die erste oder die
zweite zykloide Oberflache an der Stelle konkav ist,
an der sich die erste und zweite Oberflache berih-
ren.

Gelenk nach Anspruch 1, wobei die erste zykloide
Oberflache einen Abschnitt aufweist, der einer epi-
zykloiden Kurve folgt und einen Abschnitt der zwei-
ten zykloiden Oberflache berihrt, die einer hypozy-
kloiden Kurve folgt.

Gelenk nach Anspruch 3, wobei das erste Element
ferner eine dritte zykloide Oberflache umfasst, die
einen Abschnitt aufweist, der einer hypozykloiden
Kurve folgt, und das zweite Element eine vierte zy-
kloide Oberflache umfasst, die die dritte zykloide
Oberflache berihrt und einer epizykloiden Kurve
folgt.

Gelenk nach Anspruch 4, wobei die erste, zweite,
dritte und vierte zykloide Oberflache so angeordnet
sind, dass eine Tendenz der ersten und zweiten zy-
kloiden Oberflache, als Reaktion auf die Kraft, die
auf das erste oder zweite Element ausgelibt wird,
relativ zur Getriebebewegung zu rutschen, durch ei-
ne entgegengesetzte Tendenz der dritten und vier-
ten zykloiden Oberflache, als Reaktion auf die Kraft
relativ zur Getriebebewegung zu rutschen, ausge-
glichen wird, oder

wobei die erste und dritte zykloide Oberflache ent-
lang eines Durchmessers des ersten Elements an-
geordnet sind und sich auf der gleichen Seite eines
Mittelpunkts des Durchmessers befinden; oder
wobei die erste und dritte zykloide Oberflache ent-
lang eines Durchmessers des ersten Elements an-
geordnet sind und sich auf gegentiberliegenden Sei-
ten eines Mittelpunkts des Durchmessers befinden.

Gelenk nach Anspruch 1, wobei die erste zykloide
Oberflache von einem Abschnitt eines ersten Epizy-
kloiden zu einem Abschnitt eines ersten Hypozyklo-
iden gleichmaRig Gbergeht; und vorzugsweise

wobei die zweite zykloide Oberflache von einem Ab-
schnitt eines zweiten Hypozykloiden zu einem Ab-
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schnitt eines zweiten Epizykloiden gleichmaRig
Ubergeht; und vorzugsweise
wobei:

an einer Stelle, an der der erste Epizykloid den
zweiten Hypozykloiden berihrt, das erste und
das zweite Element eine erste Tendenz aufwei-
sen, als Reaktion auf die Kraft, die auf das erste
oder zweite Element ausgetibt wird, relativ zur
Getriebebewegung zu rutschen;

an einer Stelle, an der der erste Hypozykloid den
zweiten Epizykloiden berihrt, das erste und das
zweite Element eine zweite Tendenz aufweisen,
als Reaktion auf die Kraft relativ zur Getriebe-
bewegung zu rutschen, und

wobei die zweite Tendenz der ersten Tendenz
entgegengesetzt ist.

Gelenk nach Anspruch 6, wobei das erste Element
ferner eine dritte zykloide Oberflache umfasst, die
von einem Abschnitt eines Epizykloiden zu einem
Abschnitt eines Hypozykloiden gleichmaRig Uber-
geht, wobei die erste und dritte Oberflache entlang
eines Durchmessers des ersten Elements angeord-
net sind und sich auf gegeniberliegenden Seiten
des Mittelpunkts des Durchmessers befinden.

Gelenk nach Anspruch 1, wobei:

das erste Element ferner eine erste Zahnrad-
struktur umfasst,

das zweite Element ferner eine zweite Zahnrad-
struktur umfasst, und

wenn die erste Oberflache mit der zweiten Ober-
flache in Kontakt ist, die erste Zahnradstruktur
in die zweite Zahnradstruktur eingreift und ein
Verhaltnis von 1:1 fiir Drehungen des ersten und
zweiten Elements bereitstellt.

Gelenk nach Anspruch 8, wobei:

die erste Zahnradstruktur einen Zahn umfasst;
und

die zweite Zahnradstruktur einen Schlitz in dem
zweiten Element umfasst.

Gelenk nach Anspruch 1, wobei die erste zykloide
Oberflache Folgendes umfasst: einen ersten Ab-
schnitt, der einer epizykloiden Oberflache folgt, und
einen zweiten Abschnitt, der einem Hypozykloiden
folgt; oder

wobei die erste zykloide Oberflache Folgendes um-
fasst: einen zentralen Abschnitt, der einem Epizyk-
loiden oder einem Hypozykloiden folgt, und zwei au-
Rere Abschnitte, die dem Gegenstlick, namlich ei-
nem Hypozykloiden oder einem Epizykloiden, fol-
gen.
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Gelenk nach Anspruch 1, wobei der erste Zykloid
einen zentralen Abschnitt umfasst, der als Epizykloid
geformt ist, der sich um eine Mittelachse des Ge-
lenks dreht.

Gelenk nach Anspruch 11, wobei die zweite zykloide
Oberflache einen zentralen Abschnitt aufweist, der
als Hypozykloid geformt ist, der sich um die Mittel-
achse des Gelenks dreht.

Gelenk nach Anspruch 1, wobei:

die erste zykloide Oberflache eine Oberflache
eines Vorsprungs ist, der sich von einem Korper
des ersten Elements erstreckt; und

die zweite zykloide Oberflache eine Oberflache
eines Vorsprungs ist, der sich von einem Kérper
des zweiten Elements erstreckt.

Gelenk nach Anspruch 1, wobei das zweite Element
eine dritte zykloide Oberflache auf einer Seite des
zweiten Elements gegenuber der zweiten zykloiden
Oberflache umfasst, und das Gelenk ferner ein drit-
tes Element umfasst, das eine vierte zykloide Ober-
flache in Kontakt mit der dritten zykloiden Oberflache
aufweist.

Gelenk nach Anspruch 14, wobei:

der Kontakt der ersten und zweiten zykloiden
Oberflache die Bewegung des ersten Elements
relativ zum zweiten Element auf eine Drehung
um eine erste Neigungsachse beschrankt; und
der Kontakt der dritten und vierten zykloiden
Oberflache die Bewegung des dritten Elements
relativ zum zweiten Element auf eine Drehung
um die erste Neigungsachse beschrankt; oder
wobei:

der Kontakt der ersten und zweiten zykloi-
den Oberflache die Bewegung des ersten
Elements relativ zum zweiten Element auf
eine Drehung um eine erste Neigungsach-
se beschrankt; und

der Kontakt der dritten und vierten zykloiden
Oberflache die Bewegung des dritten Ele-
ments relativ zum zweiten Element auf eine
Drehung um eine zweite Neigungsachse
beschrankt, die senkrecht zu der ersten
Neigungsachsen verlauft; oder

wobei das zweite Element sattelférmig ist; und
vorzugsweise

wobei die zweite und dritte zykloide Oberflache
auf dem zweiten Element angeordnet sind, um
die Bewegungsachse des Gelenks in der glei-
chen Ebene zu kreuzen; oder

wobei jede der ersten, zweiten, dritten und vier-
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ten zykloiden Oberflache eine glatte zykloide
Oberflache aufweist; oder

wobei jede der ersten, zweiten, dritten und vier-
ten zykloiden Oberflache eine gestufte zykloide
Oberflache aufweist; oder

wobei jede der ersten, zweiten, dritten und vier-
ten zykloiden Oberflache so beschaffenist, dass
eine Ebene parallel zu einer Neigungsachse des
Gelenks die zykloide Oberflache entlang einer
geraden Linie schneidet.

Revendications

Poignet d’'instrument (400) comprenant :

un premier élément (410) présentant une pre-
miére surface cycloidale ;

un deuxiéme élément (420) présentant une
deuxieme surface cycloidale laquelle est au
contact de la premiére surface cycloidale, cas
dans lequel des forces de compression sur les
premier et deuxiéme éléments se produisent en
raison du contact des premiére et deuxiéme sur-
faces cycloidales ; et

un tendon (451, 452) raccordé pour appliquer
uneforce al’'undes éléments, asavoirle premier
et le deuxiéme (410, 420), cas dans lequel les
premier et deuxiéme éléments sont agencés
pour assurer un mouvement produit par engre-
nage en réaction a la force appliquée par I'inter-
médiaire du tendon.

Poignet selon la revendication 1, 'une des surfaces
cycloidales, a savoir la premiéere et la deuxieme,
étant concave a I'’endroit ou les premiére et deuxie-
me surfaces sont en contact.

Poignet selon larevendication 1, la premiére surface
cycloidale présentant une portion qui suit une courbe
épicycloidale et se mettant au contact d’'une portion
de la deuxiéme surface cycloidale qui suit une cour-
be hypocycloidale.

Poignet selon la revendication 3, le premier élément
comprenant en outre une troisieme surface cycloi-
dale laquelle présente une portion qui suit une cour-
be hypocycloidale, et le deuxiéeme élément compre-
nant une quatrieme surface cycloidale qui se met au
contact de la troisieme surface cycloidale et suitune
courbe épicycloidale.

Poignet selon la revendication 4, les premiere,
deuxiéme, troisieme et quatrieme surfaces cycloi-
dales étant agencées de sorte qu’une tendance des
premiere et deuxiéme surfaces cycloidales a glisser
par rapport a un mouvement produit par engrenage,
en réaction a la force appliquée a I'un des éléments,
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a savoir le premier et le deuxiéme, soit équilibrée
par une tendance opposée des troisieme et quatrie-
me surfaces cycloidales a glisser par rapport a un
mouvement produit par engrenage, en réaction a la
force ; ou

les premiére et troisieme surfaces cycloidales étant
positionnées le long d’'un diamétre du premier élé-
ment et se trouvant sur le méme c6té d’un centre du
diamétre ; ou

les premiére et troisieme surfaces cycloidales étant
positionnées le long d'un diamétre du premier élé-
ment et se trouvant sur des c6tés opposés d’un cen-
tre du diamétre.

Poignet selon la revendication 1, la premiére surface
cycloidale passant en douceur depuis une portion
d’'une premiére épicycloide vers une portion d’'une
premiéere hypocycloide ; et de préférence

la deuxiéme surface cycloidale passant en douceur
depuis une portion d’une deuxiéme hypocycloide
vers une portion d’'une deuxiéme épicycloide ; et de
préférence

cas dans lequel :

au niveau d’un endroit ou la premiére épicycloi-
de est au contact de la deuxiéme hypocycloide,
les premier et deuxieme éléments ont une pre-
miére tendance a glisser par rapport a un mou-
vement produit par engrenage en réaction a la
force appliquée a l'un des éléments, a savoir le
premier et le deuxiéme ;

au niveau d’'un endroit ou la premiére hypocy-
cloide est au contact de la deuxiéme épicycloi-
de, les premier et deuxiéme éléments ont une
deuxiéme tendance a glisser par rapport au
mouvement produit par engrenage en réaction
ala force ; et

ladeuxiéme tendance estopposée alapremiére
tendance.

Poignet selon la revendication 6, le premier élément
comprenant en outre une troisieme surface cycloi-
dale qui passe en douceur depuis une portion d’'une
épicycloide vers une portion d’'une hypocycloide,
cas dans lequel les premiére et troisieme surfaces
sont positionnées le long d’'un diamétre du premier
élément et se trouvent sur des cétés opposés d’'un
centre du diamétre.

Poignet selon la revendication 1 :

le premier élément comprenant en outre une
premiére structure a engrenage ;

le deuxiéme comprenant en outre une deuxieme
structure a engrenage ; et

lorsque la premiére surface est au contact de la
deuxiéme surface, la premiere structure a en-
grenage s’engréne avec la deuxieme structure
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a engrenage et procure un rapport de 1:1 pour
les rotations des premier et deuxiéme éléments.

Poignet selon la revendication 8 :

la premiére structure a engrenage comprenant
une denture ; et

la deuxiéme structure a engrenage comprenant
une fente dans le deuxiéme élément.

Poignet selon larevendication 1, la premiére surface
cycloidale comprenant une premiére portion qui suit
une surface épicycloidale et une deuxieme portion
qui suit une hypocycloide ; ou

cas dans lequel la premiere surface cycloidale com-
prend une portion centrale qui suit 'un des postes,
a savoir une épicycloide et une hypocycloide, et
deux portions externes qui suivent l'autre poste, a
savoir une hypocycloide et une épicycloide.

Poignet selon la revendication 1, la premiére cycloi-
deincluantune portion centrale qui se présente sous
la forme d’'une épicycloide a révolution autour d’un
axe central du poignet.

Poignet selon la revendication 11, la deuxiéme sur-
face cycloidale possédant une portion centrale qui
se présente sous la forme d’une hypocycloide a ré-
volution autour de I'axe central du poignet.

Poignet selon la revendication 1 :

la premiére surface cycloidale étant une surface
d’une saillie laquelle se prolonge a partir d’'un
corps du premier élément ; et

la deuxieme surface cycloidale étant une surfa-
ce d’une saillie laquelle se prolonge a partir d’'un
corps du deuxiéme élément.

Poignet selon la revendication 1, le deuxieme élé-
ment comprenant une troisieme surface cycloidale
sur un cbété du deuxieme élément en face de la
deuxiéme surface cycloidale, et le poignet compre-
nant en outre un troisiéme élément lequel posséde
une quatrieme surface cycloidale qui est au contact
de la troisiéme surface cycloidale.

Poignet selon la revendication 14 :

le contact des premiéere et deuxiéme surfaces
cycloidales limitant le mouvement du premier
élément par rapport au deuxiéme élément pour
effectuer une rotation autour d’un premier axe
d’inclinaison ; et

le contact des troisieme et quatriéme surfaces
cycloidales limitant le mouvement du troisieme
élément par rapport au deuxiéme élément pour
effectuer une rotation autour du premier axe
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d’inclinaison ; ou
cas dans lequel :

le contact des premiére et deuxiéme surfa-
ces cycloidales limite le mouvement du pre-
mier élément par rapport au deuxiéme élé-
ment pour effectuer une rotation autour d’'un
premier axe d’inclinaison ; et

le contact des troisiéme et quatrieme surfa-
ces cycloidales limite le mouvement du troi-
siéme élément par rapport au deuxieme
élément pour effectuer une rotation autour
d’'un deuxiéme axe d’inclinaison qui est per-
pendiculaire au premier axe d’inclinaison ;
ou

cas dans lequel le deuxiéme élément a la forme
d’une selle ; et de préférence

les deuxieme et troisieme surfaces cycloidales
sont positionnées sur le deuxiéme élément de
sorte a traverser I'axe de mouvement du poignet
dans le méme plan ; ou

cas dans lequel chacune des surfaces cycloi-
dales, a savoir la premiére, la deuxiéme, la troi-
siéme et la quatrieme, comprend une surface
cycloidale uniformisée ; ou

cas dans lequel chacune des surfaces cycloi-
dales, a savoir la premiére, la deuxiéme, la troi-
siéme et la quatrieme, comprend une surface
cycloidale a gradins ; ou

cas dans lequel chacune des surfaces cycloi-
dales, a savoir la premiére, la deuxiéme, la troi-
siéme et la quatrieme, est telle qu'un plan pa-
rallele a un axe d’inclinaison du poignet est en
intersection avec la surface cycloidale le long
d’une ligne droite.
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